Role of nitric oxide in immune responses against viruses: beyond microbicidal activity.
Nitric oxide (NO) is a free radical produced during L-arginine metabolism. In addition to its physiological activities in vascular and neuronal functions, its role in the immune system as a microbicide and tumor-killing mediator has been well described, as well as its release by activated macrophages. Furthermore, NO is produced by a variety of immune and non-immune cells and is involved in the regulation of several immune functions, such as T-cell polarization and suppression. Viral infections generally promote NO production; however, according to its concentration, NO can trigger different effector mechanisms in immune responses. NO can activate the second messenger cyclic guanosine monophosphate (cGMP), can increase the cytoplasmic p53 tumor suppressor molecule, and can modify host and viral molecules by nitrosylation. Because of its microbicide function, NO has frequently been considered a protective mediator in viral infections; however, in some cases NO could be deleterious, potentiating inflammation or contributing to virus latency. Thus, advances in the knowledge of the role of NO in immunomodulation and in the pathogenesis of viral diseases could contribute not only to the development of vaccines and therapeutic strategies but also to the use of its metabolites (nitrate/nitrite) and the enzyme responsible for its production (iNOS) as prognostic markers of some of these viral infections.